INTRODUCTION
============

The SYNTAX score (SS) is an angiographic tool to help cardiologists, interventionalists and surgeons grade coronary artery lesion complexity. The score represents a combination of the American Heart Association (AHA) classification of coronary tree segments modified for the Arterial Revascularization Therapies Study (ARTS) study, a modified Leaman score, the American College of Cardiology (ACC)/AHA lesion classification system, a combination of the Duke and Institut Cardiovasculaire Paris Sud (ICPS) classification system for bifurcation lesions, a chronic total occlusion classification system and "consultation with experts" \[[@R1], [@R2]\].

The SS was developed to quantify lesion complexity. It has also been used to assess prognosis in patients with multivessel coronary artery disease (CAD) and/or those with left main (LM) coronary artery lesions \[[@R3]-[@R14]\]. More recent data have shown that the SS predicts peri-procedural myocardial infarction (MI) in patients undergoing elective percutaneous coronary intervention (PCI) \[[@R15]\].

Despite its proven prognostic value in patients with multivessel and/or left main coronary artery disease (LM CAD), its usefulness in other subsets of patients remains uncertain. Here we aimed to evaluate the usefulness of the SS to predict 1-year clinical outcomes in a population of patients with chronic CAD (1 or 2 vessel, multivessel and/or LM involvement) undergoing PCI or coronary artery bypass grafting (CABG).

MATERIAL AND METHODS
====================

Patient Population
------------------

This was a prospective single centre cohort pilot study conducted from September 2012 to November 2014 at the Nicosia General Hospital, Cyprus. Patients (n=140*;* 94% men and 6% women) with chronic CAD undergoing revascularization with either PCI or CABG were evaluated. The diagnosis of chronic CAD was based on the presence of symptoms of stable angina or a positive for myocardial ischemia stress test (exercise tolerance test, stress ECHO, or thallium scintigraphy). Patients presenting with unstable angina, non-ST elevation MI (non-STEMI), and ST elevation MI (STEMI) were excluded. Patients undergoing CABG for valve surgery were also excluded. The National Ethics Committee of Cyprus approved the study. Written informed consent was obtained from all patients and controls according to committee guidelines.

Calculation of the SS
---------------------

Seventy patients were treated with PCI and seventy with CABG. An experienced cardiologist calculated the SSs based on angiograms. Each coronary lesion with stenosis ≥50% of a vessel of ≥1.5 mm in diameter was separately scored using the SS score algorithm. Individual scores were summed to provide the overall SS. The patients were divided into tertiles according to the SS *:* lower SS tertile (SS ≤22), intermediate SS tertile (SS 23 to 32) and higher SS tertile (SS ≥32). Characteristics such as sex, age, and risk factors for CAD (Table **[1](#T1){ref-type="table"}**) were also recorded. Diabetes Mellitus was defined as a medical history of physician-diagnosed diabetes, overweight as a BMI between 25-30 and family history as a family history of premature CAD (\<55 years in men and \<65 years in women, first degree relatives). CAD was defined as a medical history of physician-diagnosed CAD.

Associations Between SS and Clinical Outcomes
---------------------------------------------

Major adverse cardiac events (MACE) including cardiac death, non-fatal acute MI, angina, and repeat revascularization of the target vessel over 1 year of follow-up were considered as the primary outcome. All deaths were considered cardiac unless another cause was definitively established. Acute MI was confirmed by evidence of 3-fold or greater creatine kinase-MB fraction elevation with symptoms or electrocardiographic evidence of myocardial ischemia. Recurrent angina was defined as the occurrence of chest pain due to myocardial ischaemia. Repeat revascularization included repeat PCI or CABG.

Telephone surveys were used to collect data for all patients. The survey took place 1 year after treatment and information on 4 outcomes was recorded*:* angina, MI, target lesion revascularization, and death. The answers were in the binary form of "yes" or "no".

Statistical Analysis
--------------------

Data were analysed using SPSS 22 (IBM Statistics, Chicago, IL) and logistic regression was used to establish whether the SS was a significant predictor of the 4 outcomes.

RESULTS
=======

At 1-year follow up, angina occurred in 20 patients (14.3%), MI in 3 patients (2.1%), repeat revascularization procedures in 9 patients (6.4%) and death in 12 patients (8.6%) (Table **[2](#T2){ref-type="table"}**).

A logistic regression analysis was performed to ascertain the effects of SS, total cholesterol, HDL-C (high-density lipoprotein), LDL-C (low-density lipoprotein), triglycerides, age, sex, smoking, hyperlipidaemia, hypertension, diabetes mellitus, family history and overweight on the likelihood of the occurrence of angina, MI, target lesion revascularization and death, 1 year after the treatment.

Applying logistic regression with angina as the dependent variable, the SS was the only clinicopathological variable to significantly predict angina occurrence with an odds ratio of 0.948 (p=0.024) (Table **[3](#T3){ref-type="table"}**). The model explained 31.9% (Nagelkerke R^2^) of the variance in angina occurrence and correctly classified 87.9% of cases in the data.

However, applying similar regression analysis with MI (p=0.964), death (p=0.292), or repeat revascularization (p=0.069) as the dependent variables, there were no significant predictors in the model and the SS was not useful for predicting these outcomes.

DISCUSSION
==========

The SS was introduced as a tool to grade lesion complexity in coronary artery disease and predict clinical outcomes after PCI in patients with multivessel CAD and/or LM \[[@R1], [@R3]\]. The SS is a useful risk metric that facilitates clinical decision-making, like the most suitable revascularization method according to risk to improve clinical outcomes.

Although, the predictive value of SS in patients with multivessel and/or LM CAD is well established, its utility in other subsets of patients remains uncertain. This prompted us to investigate the utility of the SS as a predictor of MACE (angina, nonfatal MI, repeat target revascularization, cardiac death) in patients with chronic CAD (1 or 2 vessel, multivessel and/or LM disease) treated with PCI or CABG. Although the SS predicted angina in the year following revascularization, it was not predictive of MI, death or repeat revascularization.

The prognostic value of the SS has previously been investigated in patients with multivessel CAD and/or LM CAD \[[@R3]-[@R6]\], unprotected LM (no patent bypass graft to the left coronary artery) CAD \[[@R7]-[@R14]\], non-ST elevation acute coronary syndrome \[[@R16]\] and STEMI \[[@R17], [@R18]\]. The SS was first applied in the SYNTAX trial of 1,800 patients with multivessel and/or LM CAD. One-year and 5-year results were similar and indicated that patients with an SS \>32 and between 23 and 32 were at higher risk of major adverse cardiac and cerebrovascular events (MACCE) when treated with PCI compared with those undergoing CABG \[[@R4]\].

Similar results were reported in the Arterial Revascularization Therapies Study Part II (sirolimus-eluting stents for the treatment of patients with multivessel *de novo* coronary artery lesions) (ARTS II) trial, which demonstrated that the SS was an independent predictor of 5-year stent thrombosis and MACE, demonstrating its important role in risk stratification of patients with multivessel CAD \[[@R5]\]. In contrast, in the FREEDOM (Future Revascularization Evaluation in Patients With Diabetes Mellitus*:* Optimal Management of Multivessel Disease) trial of 1,900 diabetic patients with multivessel CAD treated with PCI or CABG, no significant interaction was observed between the revascularization strategy and the SS for 1- and 5-year clinical outcomes \[[@R6]\].

The prognostic value of the SS has been also investigated in patients with unprotected LM CAD treated with PCI \[[@R7]-[@R14]\]. The majority of these studies showed that composite ischaemic endpoints (death, MI, target lesion revascularization) were more likely in patients with higher SSs \[[@R4], [@R8], [@R10]-[@R12]\].

Although, the predictive value of SS in patients with multivessel and/or LM CAD is, therefore, well established, its utility in other subsets of patients remains uncertain. We have shown that SS predicted angina in the year following revascularization of patients with chronic CAD (1 or 2 vessel, multivessel and/or LM disease) treated with PCI or CABG. However, it was not predictive of MI, death or repeat revascularization.

Our study has some limitations. First, the population size was small and therefore may not have been suitably powered for the measured outcomes. The number of events is also small. This is a major limitation, but our results provide the basis for power calculations on which to base future studies. The follow-up duration was restricted to 1 year and the predictive value of the SS in this setting may change over longer timeframes.

In this patient population, the SS predicted angina in the year following revascularization but was not predictive of MI, death or repeat revascularization.
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###### 

Patient demographics.

  ---------------------------------------------------------------------------------------------------
  **Syntax Score Category**   **Low(\<22)**\   **Intermediate(23-32)**\   **High(\>32) p**\   p
                              **(n=83)**       **(n=36)**                 **(n=21)**          
  --------------------------- ---------------- -------------------------- ------------------- -------
  **Age (years), *mean***\    65.8\            70.3\                      66.9\               0.074
  ***Minimum-Maximum***\      43-97\           46-87\                     47-83\              
  ***95% CI***                (63.6-67.9)      (66.8-73.8)\               (62.8-71.1)         

  **Sex (male)**              77 (92.77%)      \                          21 (100%)           0.291
                                               32 (88.89%)                                    

  **Smoker**                  32 (38.55%)      10 (27.77%)                8 (38.1%)           0.514

  **Hyperlipidemia**          47 (56.62%)      28 (77.78%)                8 (38.1%)           0.010

  **Hypertension**            50 (60.24%)      30 (83.33%)                12 (57.14%)         0.034

  **Diabetes mellitus**       27 (32.53%)      13 (36.11%)                6 (28.57%)          0.839

  **Family History**          22 (26.5%)       7 (19.44%)                 2 (9.52%)           0.222

  **Overweight**              9 (10.84%)       1 (2.77%)                  2 (9.52%)           0.348

  **CAD**                     21 (25.3%)       7 (19.44%)                 4 (19.04%)          0.708
  ---------------------------------------------------------------------------------------------------

CI=confidence interval; p values refer to between-group differences; CAD= coronary artery disease.

###### 

Incidence of major adverse cardiac events.

  **Syntax Score Category**   **Low (\<22)**   **Intermediate (23-32)**   **High (\>32)**   **p**
  --------------------------- ---------------- -------------------------- ----------------- -------
  **Angina**                  8 (9.6%)         7 (19.4%)                  5 (23.8%)         0.149
  **MI**                      1 (1.2%)         1 (2.8%)                   1 (4.8%)          0.576
  **New Revascularization**   4 (4.8%)         2 (5.6%)                   3 (14.3%)         0.278
  **Death**                   5 (6.0%)         4 (11.1%)                  3 (14.3%)         0.395

p values refer to between-group differences; MI=Myocardial Infarction.

###### 

Logistic regression with angina as dependent variable.

                          **p**       **Odds Ratio**
  ----------------------- ----------- ----------------
  **Syntax**              **0.024**   **0.948**
  **Total Cholesterol**   0.590       0.973
  **LDL**                 0.445       1.039
  **TG**                  0.644       1.004
  **Age**                 0.702       1.012
  **Sex (male)**          0.999       0.000
  **Smoking**             0.785       0.848
  **Hyperlipidaemia**     0.263       0.496
  **Hypertension**        0.821       1.162
  **Diabetes Mellitus**   0.388       0.573
  **Family history**      0.628       1.425
  **Overweight**          0.998       0.000

LDL: low-density lipoprotein; TG: triglycerides.
